Introduction
In spite of a huge advance in thermophysical property [TP] investigation technology and instrumentation there are still areas where we experience lack of precise information concerning heat transfer characteristics of certain materials or structures. Many biological or medical technology materials (see eg. Lin at al., 2010a or O'Brien, 1997 can be indicated as good examples. The same concerns some of the advanced technology materials and structures. The reasons for that are difficulties in obtaining the adequate specimens as well as complicated composition and structure of the studied materials which make the standard measurements more difficult. Since standard technologies of thermophysical property investigation are based on analytical models of regular geometry, they need regular specimens of a certain dimension (comp. Maglić et all, 1984 Maglić et all, , 1992 ). This is not always possible regarding the discussed materials.
For that reason, other technologies for TP investigation of non-typical materials are still being developed. Many of them take advantage of contactless temperature measurements inherent in infrared (IR) technology. Non-intrusive examination can be especially beneficial in the case of investigations of materials available only in form of thin sheets and foils, specimens of anisotropic materials, composite samples, etc. For specimens of irregular shape the most important is the possibility of inspecting a specific area with a certain spatial resolution. To perform such an inspection an IR camera is usually applied.
The infrared technique is so effective that it creates opportunity for unconventional (see eg. Perkowski, 2011) arrangement of TP investigation. However, in most cases IR cameras are applied for TP investigation just to replace traditional contact sensors (see eg. Bison at all., 2002; Miettinien at all., 2008) . Using conventional methods can be justified because they are reliable and because their increased performance is usually expected when using thermal imaging. By studying high resolution data of steady-state temperature distribution instead of discrete temperature recordings one can widen the range of the on-going analysis. In the case of transient temperature measurements the spatial temperature distribution provides additional opportunity for data completion or correction. In all the cases it seems that experiments are facilitated but that is not always true.
Theory
Regular heating regime refers to a situation when the initial condition has negligible effect on the actual thermal state of the body (Kondratiev, 1954 , as cited in Lykov, 1967 . The theory of such a regime is the generalisation of well-known quasi-stationary conditions. Usually the first, second, and third kind of regimes are distinguished (Volokhov & Kasperovich, 1984; Platunov, 1992) . The first two are also referred to as monotonic heating regimes. At monotonic heating the investigated specimen is heated at the constant ambient temperature (1 st ) or heating proceeds at the constant rate (2 nd ). The third kind of regular regime includes periodic heating also referred to as temperature wave technique (Phylippov, 1984) . The temperature oscillation was introduced for the thermophysical property investigation of good conductors by Ångström (Ångström, 1861) but its application has also been extended to insulators (Belling & Unsworth, 1987) .
There are available many mathematical models of regular heating regime problems that have been formulated in all three basic coordinate systems and solved for different dimensions (see eg. Carslaw & Jaeger, 2003; Maglić et al., 1992 Maglić et al., , 1984 Lykov, 1967) . In the present study two models of the temperature oscillation are discussed: classical Ångström's solution of the longitudinal temperature oscillation in semi-infinite rod with side surface convection heat losses and modified Ångström's model (Belling & Unsworth, 1987) with additional, linear in time temperature change imposed onto basic boundary temperature oscillation (Panas & Nowakowski, 2009 ). In addition a generalised model of the 1 st kind monotonic heating is recalled.
For the purpose of this study we restrict to one-dimensional Cartesian coordinate system Ox formulation in all cases. To benefit from linear character of mathematical problems we also assume that the basic thermophysical properties and characteristics are constant. In practice it means that although the density , specific heat c p , and the thermal conductivity  can be temperature dependent the changes are negligible regarding the expected maximum temperature difference within the analyzed object. The same assumption concerns the heat transfer coefficients (surface conductances): h -describing the convection heat losses taken present in the governing equation and H -present in boundary condition [BC] . Thus, the generalized governing equation for all the analyzed problems is as follows
where
denotes the temperature referring to a certain T 0 value,  is the time, a is the thermal diffusivity and  is a constant describing the intensity of internal convection heat loses.
One-dimensional temperature oscillation in semi-infinite rod
The solution of Eq. (1) is sought within the interval [x, ) for the rod treated as a thermally thin body of the perimeter p and cross-section area S that defines  constant as
Regarding possibility of Fourier series representation of any periodic temperature variation of the angular frequency , the analysis in this instance can be restricted to such BCs:
The solution, describing a developed thermodynamic process, is (Carslaw & Jaeger, 2003) :
where f is the frequency, and 
There are several possibilities to arrange an experiment utilising the above solution for the thermal diffusivity identification (Bison at al., 2002; Phylippov, 1984) . One of the arrangement benefits from examination of the temperature oscillation attenuation  and the phase shift  when passing from x 1 to x 2 , x 2 > x 1  0 ( Fig. 1) :
Hence the thermal diffusivity a and the convection heat transfer constant  are given by: 
Parameters a  and a  represent the amplitude and phase apparent thermal diffusivity values. In the case when the side surface of the analysed rod is perfectly insulated, the thermal diffusivity can be obtained independently applying the amplitude attenuation and the phase shift data. 
where b is the temperature change rate, can be decomposed into two separate BC sets: the first taking into account periodic component and the second considering the right-hand boundary linear temperature change. The behaviour of the system under these conditions is illustrated in Fig. 2 . The appropriate solutions for the slab with zero initial temperature can be found in monograph by Carslaw Jaeger (Carslaw & Jaeger, 2003; pp. 104-105) . The final solution disregarding the initial irregular heating regime can be expressed as (Panas & Nowakowski, 2009) 
The parameters  and  have the same interpretation as in the previous case -they represent the oscillation amplitude attenuation and the oscillation phase shift respectively. However, the relations between ,  and the thermal diffusivity a are now far more complicated (Carslaw & Jaeger, 2003) : 
It also should be noted that in present formulation the "thermal wave" propagates in opposite direction (the amplitude attenuates while x is decreasing from L to 0 
It was shown that these formulae can be reduced to much simpler explicit approximations:
if the oscillation frequency is high enough to fulfil the following condition (Bodzenta, 2006) :
The value of K min for 2% and 1% discrepancy was stated at K min 1% = 1.78 and K min 2% = 2.25 respectively (Panas & Nowakowski, 2009 Analysis of linear components of the excitation and the response provides additional opportunity for the thermal diffusivity evaluation from the time  or the temperature lag T (comp. Fig. 2 ). The procedure is equivalent to application of 2 nd kind regular heating regime methodology (Volokhov & Kasperovich, 1984) . Directly from Eq. (12) one gets
The major advantage from imposing a linear scan is that the temperature function of the thermal diffusivity can be obtained within one continuous experiment without necessity for successive changing and stabilizing the sample temperature. However, it should be underlined that the investigation needs to be planned and performed with a special care in view of the assumption concerning linearity of the problem. This can be done preserving the appropriate thermal/temperature resolution of the experiment (see eg. Panas, 2010) . 
where  ch is the (characteristic) time constant of exponential surface treatment. For  ch 
we get an asymptotic approximation of classical step heating function (comp. Volokhov & Kaperovich, 1984) . The solution is given by (Lykov, 1967) :
where  n are roots of
and constants A n are given by
The above presented model has been included into consideration mostly for comparison reasons and because of the needs for referring to some previous results of TP investigation applying IR imaging technique. Analysing the result given by Eq. (20) one can notice that, similarly as in the previous cases, a long term approximation can also be derived by neglecting all but the first one (n=1) series components. However, this solution does not describe a developed (stabilised) thermodynamic process of a finite "amplitude" 1 . It results in lowering values of sensitivity coefficients 2 with increasing time when the temperature of the body equilibrates.
Comments on the implementation of the TD measurement procedure applying IR imaging technique
There are two basic prerequisites for a successful implementation of a certain heat transfer model for TP/TD investigation. The first is precise reconstruction of all the model assumptions in the performed experiment. The second is that the heat flow should not be affected by the measurement procedure.
Implementation of the infrared imaging technique creates unique opportunity for nonintrusive analyses of the temperature distribution and its evolution in time. However, in many cases these studies are limited to qualitative studies. Investigations of the hard tooth tissues performed by Sakagumi & Kubo, 2002 or by Panas at all., 2007 can serve as an example of that. The major problems arise from not so good performance in quantitative measurements of the absolute temperature. The measurements are strongly dependent on the surface condition and influenced by surroundings. Usually precise estimation of the surface emissivity, which is the crucial parameter for the temperature assessment, could be problematic. For this reason, investigations are frequently planned to account for the temperature differences or for the temperature evolution only. Cooling fin (Miettinen at all., 2008; Rémy at all., 2005) , cooling block (Perkowski, 2011) or flash experiments (Bison at all., 2002) can serve as typical examples of that. The temperature oscillation technique exhibits a unique performance in that domain. Being not dependent on the absolute temperature measurements, it reduces major IR technique implementation problems. The TD investigation procedure is based on the amplitude ratio and on the phase lag evaluation. This is why we notice a growing popularity of this methodology both in qualitative and in quantitative investigations (see eg. Bison et all., 2002; Muscio at all., 2004) .
Performing measurements one still should take into consideration increased heat losses from the IR monitored surface. These losses can affect the applied theoretical model conformity. The investigated object needs also to be separated from the surrounding irradiation. If the above mentioned problems cannot be avoided while performing the experiment they need to be corrected applying other techniques and/or accounted for in the course of the uncertainty budget analysis.
Experimental
Developing an experimental system for the TD investigation at different heating modes one should keep in mind the limitations imposed by the applied mathematical models. However, even in this case the system can be adapted for multi-mode operation. Such versatility is not only economically reasonable but is judicious from metrological point of view. By comparing the data from different experiments the appropriate procedures can be tested and the experimental results can be verified. Of course, the experiment management and data processing procedures should be also accommodated. Realization of this concept for the 1 st , 2 nd and 3 rd kind of regular heating regime TP investigation is described below.
Experimental setup
The actual experimental system configuration depends on the type of the investigated specimen. There are two basic modes of the system operation: for measuring in-plane (longitudinal) TD of bars, plates and sheets/foils ( Fig. 3 .a,b,c) and for transversal TD measurement of plates ( Fig. 3.d) . The in-plane measurements are further differentiated respecting the investigated material anisotropy to ensure effective heat transfer into the body of the sample (see Fig. 3 .c). The specimen is usually pressed between two thermoelectric Peltier elements or pressed to the elements' unipolar side surface. If necessary, thermally conductive paste is used to improve the thermal contact. Slab specimens of bad heat conductors studied for transversal TD are usually fastened with a thermal conductive resin or paste onto an additional conductive plate (usually made of copper). This is to homogenize the lateral temperature distribution. The periodic or exponential boundary excitation is performed by the appropriate powering of Peltier elements. As it is shown in Fig. 4 thermoelectric elements are powered by a DC power supply (Amrel PPS 1320). In typical measurements the power supply voltage is changed every 1 s to accommodate the demanded power changes according to the following formulae:
where U A is the amplitude, U 0 -offset voltage (that can be changed programmatically), =0 or 1, and  is the appropriate time constant. The temperature of every Peltier element opposite end is stabilized by thermostatic blocks fed from a thermostat (Lauda RL6CP). The Lauda device can operate in a programmable mode. This option is applied to ensure a linear change of the oscillation offset. The time-dependent temperature field in the sample is recorded with an infrared camera (Flir SC5600) and stored into the PC memory. The specimen attached to the heating (cooling) u n i t i s s e p a r a t e d f r o m e n v i r o m e n t b y a n illumination protective shield that simultaneously fulfils the role of a thermal insulating guard. The instrumentation is supplemented by an 8 channel temperature recorder (NI SCXI 1000 system). The additional measurements of the temperature are made for control and verification purposes and are performed with thermocouples. The whole system is controlled from the PC through GPIB (SCXI), Fast Ethernet (IR camera) and RS232 (Lauda) buses. For this function special virtual instrumentation software has been implemented. 
Experimental procedures and data processing
Before mounting the specimens into the measuring unit, they are usually painted black with a Graphite 33 (Kontakt Chemie) graphite spray. The estimated thickness of the graphite layer is about 15 m. The black layer is used to improve the surface emittance, homogenize surface emissivity and to prevent the recording from the effects of translucency (Fig. 5 translucence effects are clearly seen at not painted strips). The effect of the graphite layer presence has been expected to be negligible because individual effects on the temperature excitation and temperature response compensate each other (see Eqs (7)).
During measurements the temperature of the thermostatic blocks is stabilized or being changed programmatically. In the case of step or exponential heating experiments, the whole process of the specimen temperature disturbance and stabilization is being recorded. While operating in the oscillation heating mode at least five to ten subsequent periods of the temperature change are recorded but usually the examination lasts much longer. The thermocouple temperature measurements are performed simultaneously with the IR camera recording. The sampling rates are adjusted to different study conditions.
At the end of measurements the time histories of the temperature/mean temperature taken from selected points, lines (see Fig. 5 ) or areas are processed with a specially developed software of a non-linear curve fitting. Prior to final calculation the aerial temperature data were inspected for any disruptions in uniform temperature distribution. The procedure of the step heating and exponential heating data approximation with a function:
where A e , B e and C e are the best fit coefficients, is similar to that described by Panas et al., 2005; 2007 . The data from oscillation excitation experiments, are fitted with a function: 
Typical results and discussion
The presented investigations have been selected mostly to illustrate typical experimental procedures and to show performance of the developed instrumentation and methodology.
The considered materials and structures are (Fig. 6 , 2007) . The Cu, PMMA and PTFE have been included mainly for testing and reference purposes. In all the cases the attention was focused on IR imaging methodology and such physical effects as anisotropy and non-homogeneity of the investigated specimens.
As was mentioned before, prior to the experiments the investigated structures had been coated as shown in Fig. 6 a, b and d. This did not concern the graphite specimen which did not need such treatment. During the measurements the temperature IR recordings were taken at stated sampling rates. Afterwards, the IR images were inspected for the temperature distribution non-homogeneity. Next, and the temperature histories were taken from previously selected objects/sections: point/spots, lines, segment lines, circle lines, circles or rectangular areas. The location of control sections is shown in Fig. 7 . 
Copper slab under long "thermal wave" treatment
The major problem with application of Ångström's method is to comply with the semiinfinite rod model. In practice it means that the investigated object should be long enough to damp down the temperature oscillations before reaching the far end of the specimen (Muscio at all., 2004; Phylippov, 1984) . It makes the investigations of materials and objects which are available only in small pieces more difficult. This is the case of many advanced technology structures.
The measurements performed on a 100.0 mm  38.0 mm  5.80 mm slab of electrolytic pure copper were planned mostly to face this problem. They were carried out at sampling rate equal to 2 Hz for the temperature oscillation over 22.2 C with the period   = 60 s.
Application of long "thermal waves" not only violates the classical Ångström's assumptions but exceeds limits of conventional implementation of the modified method (comp. eg. Bodzenta at all., 2006). The parameter kL, defined by Eq. (15), amounted only to 0.42 that is much below the stated K min limit for validity of simplified formulae given by Eq. (18). For that reason the data were processed utilising exact relations for a slab model given by Eq. (13).
Recordings of the specimen temperature were done through openings in the 5 mm thick polyurethane foam separating the Cu specimen from ambient air convection ( Fig. 7.a) . Twelve subsequent periods of temperature changes were recorded. The time curves for preparatory data processing -approximation according to Eq. (25) -came from lines i = 1, 2, 3 and 4 ( Fig. 7.a) . Next, the values , ,, performed applying "long thermal wave" (at   =60 s). The reference data is taken from Ražnievič, 1966. were obtained from the approximation best fit parameters of corresponding single periods. This means that all possible mutual configurations of control lines were taken into consideration. Next, the appropriate: a  -the amplitude and a  -phase values of apparent TD were derived by solving Eqs. (13) with
where x i is a relevant control line coordinate and x edge is the specimen free edge coordinate. It should be noticed that the same parameter l=x is applicable for classical Ångström's model data processing according to Eq. (9). Such processing was conducted in parallel calculations to provide illustrative comparable data. Finally, the obtained amplitude and phase TD values were averaged over all 12 periods of stable oscillations providing appropriately ,ij a  and ,ij a  mean values. The time averaged data are shown in Fig. 8 for both models: the semi-infinite rod (on the left) and the slab (on the right). With no doubt the "classical" results are unacceptable which was expected regarding the applied long "thermal wave" excitation. The quality of these results worsens while approaching the specimen free edge. On the contrary, the modified procedure results are in a good agreement with the reference data taken from Ražnievič, 1966 
Nano-structural Ni3Al intermetallic alloy
The major challenge of the TD investigation of intermetallic Ni 3 Al alloy is that the nanostructural material is available only in the form of thin metallic sheets. In such a situation the non-intrusive character of the IR temperature measurements is essentially beneficial (comp. Nakamura, 2009 ). However, it should be underlined that infrared measurements can be effectively performed only in a narrow range of temperature changes.
The procedure that was tested on Cu specimen has also been applied for a Ni 3 Al alloy investigation. The specimen was delivered in the form of a sheet 0.63 mm thick, 11.00 mm wide and about 66 mm long (Fig. 6 .a -on the left). The measurements were carried out at sampling rate equal to 1 Hz for the temperature oscillation over 23 C with the period   = 120 s (Fig. 7.b) . The obtained results are shown in Fig. 9 and displayed in Table 2 . They were supplemented with one more parameter that is a geometric mean of the amplitude and phase apparent TD values:
The discrepancy between a  and a  can be attributed to heat losses from the specimen. Taking into account relatively high ratio of the specimen perimeter p to its cross-section area S, they are extremely influential. The heat losses resulted in a high  parameter value (comp. Eq. 3), but they are not considered in a slab model. However, regarding the expected asymptotic convergence of the appropriate solutions when increasing the L parameter of a slab model one can assume that a  is the underestimate and a  is the overestimate of the real TD value as in the case of semi-infinite rod (comp. Eqs. 6, 9 and 10). This was confirmed in the course of numerical simulation. Moreover, it was stated that the geometric mean value defined by Eq. (29) is a good approximation of the real TD value for certain parameters of combined conductive and convective heat losses. The detailed discussion is outside the scope of this review so we restrain to this communication only. Table 2 . Results of TD studies of Ni 3 Al nano-structural intermetallic alloy specimen
Pyrolitic graphite
Pyrolitic graphite (PG) is one of a few commercially available highly anisotropic materials.
Typically, its in-plane thermal conductivity  xy exceeds transversal (out-of plane)  z value for at least two ranges (comp. Heusch at all., 2002). The same concerns also thermal diffusivity. Because of that the PG specimen was investigated applying the system arrangement as shown in Fig. 3 .c. The in-plane dimensions of the specimen were 44.0 mm and 9.6 mm for x and y direction respectively. Transversally the investigated bar was 6.5
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mm thick. The measurements were performed at 2 Hz sampling rate for the temperature oscillation period   = 10 s. The offset temperature was quasi-linearly changed within the interval from about 12C to 38 C (Fig. 7.c) . The results of measurements are shown in Fig. 10 . Contrary to three previously discussed cases, the obtained data have not been averaged. Instead of that, linear regressions were derived for both the amplitude and phase apparent TD. The appropriate coefficients are given in Table 3 .
In spite of a relatively high scatter of individual data the discrepancy between a  and a  characteristics is not so significant. It is because of a relatively small   value which is the major cause of the scatter. But proving the effectiveness of modified linear scanning procedure was the most important outcome of the investigation (Panas & Nowakowski, 2009 ).
Regarding the quantitative aspect of the results it should be noticed that they exceed those reported by Maglić & Milošević, 2004 by about 2.5 times and are at least 8 times lower than presented by Heusch at all., 2002. This is not a surprise considering the differences of PG manufacturing technology. The tendency of the TD changes is exactly as expected: it decreases with the increasing temperature. Table 3 . Linear regressions for pyrolitic graphite TD (t -temperature in C)
PMMA and PTFE slabs
The aim of this part of research was to test and to verify procedures for investigation of transversal TD of slabs. The PMMA and PTFE were selected because literature data on their properties are easily available (Panas at all., 2003b; Tye & Salmon, 2005; Blumm at all., 2010) . The experiments were conducted in the system configuration as shown in Fig. 3 .d. The investigated specimens are shown in Fig. 6 .b. All measurements were performed at 2 Hz sampling rate for the temperature oscillation period   = 30 s. They started from steady oscillations over 22.5 C. Next, the temperature scan from this temperature up to 41 C was added (Fig. 5) . Because one of the studied phenomena was the specimen transparency effect, each time the temperature response was taken from both the graphite coated part of the upper specimen surface and from the area intentionally left free from the coating. For the temperature data collection rectangular areas were applied as shown in Fig. 6 .d (see also Figs 5 and 7.d). The signals were compared with the temperature histories taken from a semi-circled segment line around the PTFE and tetragonal line around the PMMA specimen respectively. The a  and a  were obtained by solving Eqs (15). The final results are shown in Fig. 11 . The data from the steady offset part of experiments is also listed in Table 4 . They prove correctness of the applied procedure and show the translucence effect. It should be mentioned that routines of a specimen layering are applied also when investigating TD by any other method involving radiation (see eg. Blumm at all., 2010; Kim & Kim, 2009; Panas at all., 2003; Maglić at all., 1984) . The scanning measurements have revealed increasing data scattering that can be attributed to raised convection ( Fig. 11.b ). This is why wide temperature range measurements of slab specimens become more difficult. Regarding such investigations it should be Table 4 . Results of TD studies of PMMA and PTFE at 22.5 C compared with literature data (*) -the result was interpolated from results by Blumm at all., 2010) underlined that the other basic restrictions originate from the IR camera calibration. Nevertheless, the obtained characteristics enable to reveal the phase change effect that is in agreement with previously published data (Blumm at all., 2010; Panas at all., 2003) .
Hard tooth structures -Temperature oscillation treatment
The hard tooth tissue investigation is a crucial one regarding the fact that the described IR Analysing the displayed data one can notice that general relation between the enamel and dentine TD reported in the literature is properly expressed. The obtained ratio of enamel to dentine diffusivity is about 1.5. Moreover, the dentine results agree with most of the previously published data (comp. O'Brien, 1997; Panas at all, 2003 , Lin at all., 2010a , 2010b . Considering the enamel data reported by Lin at all., 2010b and by O'Brien, 1997 the present enamel results might be regarded as underestimated. To express the differences more clearly geometric means (Eq. 29) from individual results were calculated first and next the data were averaged over similar characteristic tooth structures. These results are displayed in Table. 5.
In general, the problem of hard tooth tissue thermal properties is still open (comp. eg. Lin at all, 2010a) . Taking this into account the obtained results can be regarded as acceptable. In spite of the fact that three different specimens from two different teeth were investigated, the obtained data are in mutual agreement. For that reason we can assume that the IR supported methodology of oscillating heating investigation of such objects is correct. 
Hard tooth structures -Step heating experiments
There are few reports on successful implementation of the step heating procedure in quantitative analyses of thermophysical properties of thin non-homogeneous slabs. Such a paper has been recently published by Lin at all., 2010. It presents the results of hard tooth tissue TD measurements and these data have been taken as one of the references in the previous section. However, to obtain quantitative results the researchers were forced to apply a special data processing. More often the analyses are limited to qualitative studies (Panas at all., 2007; 2003a) . It is because the step heating boundary condition is difficult to apply. As an illustration of the problem the results of investigation described by Panas at all., 2007 can be indicated. The study was conducted with almost the same arrangement of the system as depicted in Fig. 4 except that Peltier elements had not been present. Tooth specimens B1 and B2 were heated through the copper plate by a sudden flow of water beneath. The temperature histories were taken from points located as indicated in Fig. 13 .a. The obtained relative temperature differences t = t Cu -t i , i = 1, ... ,5 are shown in Fig. 13 .b. As was expected the qualitative differences are easy to recognize. It does not concern quantitative analyses.      
As we can see, the procedure of single exponential approximation (24) do not comply with the model formulae (30). The "amplitude" of the first exponential term is depended on a and this makes any modification more difficult. Application of Eq. (24) is limited to qualitative
analyses (Panas at all., 2007) . Only when  ch  0 the TD identification can be done more easily. This is not the case regarding the discussed experimental results.
Numerical validation of TD investigation procedures
In comparison with standard procedures the IR imaging techniques are usually more demanding when applied to thermophysical property quantitative investigation. It is because of their increased sensitivity to environmental influences. The environment is also a source of major incompatibilities between the applied mathematical model and real experimental conditions. It was proved that analytical approach in the studies where such discrepancies appear is ineffective in most of the cases. For that reason, the investigation procedures are tested, validated and corrected in the course of numerical simulations. This is also the case in the studies described above. Because a detailed discussion on numerical modelling issue is outside the scope of this work, only a short review of selected results will be provided here. The numerical analyses were focused mostly on such problems as non-unidirectional heat transfer (Fig.14a) , convection heat losses that violate assumptions of a slab model (Fig. 14.b) , irregularity and non-homogeneity of the investigated tooth structure (Fig. 14.c) and 3D heat transfer effects including incompatibility of the temperature excitation (Fig. 14. d and e; see also Żmuda at all., 2005) . In all the instances the elaborated models were also tested for the scanning mode application (comp. Panas & Nowakowski, 2009 ). The major outcome of these studies is the proof of correctness of the developed procedures for experimental TD investigation. The analyses proved good metrological conditioning of the oscillation technique. This concerns also the scanning mode operation.
Moving to the details, effects of 3D heat transfer in a laterally heated Cu specimen were confirmed (see red streamlines marking total heat flux path in Fig. 14.a) . It was observed that both convective and conductive heat losses from side surfaces of slab specimens result in underestimation of amplitude and overestimation of phase results. This is similar to Ångström's model for semi-infinite rod. In the study of hard tooth tissue non-homogeneity effects, significant underestimation of the enamel results was revealed. This concerns not only the "thermal wave" measurements but also pulse heating experiments and monotonic heating investigations (Żmuda at all., 2005) . The identified TD values were about 20% lower than that assumed in the model. The simulations showed that there is an influence of the control area location on the obtained enamel parameters. Because of this outcome, IR measurements seem to be more advantageous than traditional techniques that exclude monitoring of spatial temperature distribution.
It should also be mentioned that the numerical simulation technique has been applied for validation of the methodology for investigation of metallic specimens covered with a graphite layer. This concerns Cu and Ni3Al specimen studies. In both cases the effect of the covering has been proved to be negligible. However, in order to get more universal results a more thorough analyses needs to be performed like those concerning laser flash technology (comp. Cernuschi at al., 2002, S.K. Kim & Y.-J. Kim, 2009 ).
In general, a numerical modelling technique has not only proved to be helpful but also indispensable for discussed tasks. The only problem is that complicated objects need to be treated individually.
Conclusion
With its possibility of non-intrusive and simultaneous examination of both the temperature changes in time and temperature spatial distribution the IR imaging technology creates unique possibilities for complex thermal investigations. For that reason it is widely applied eg. in non destructive testing. However, application of IR imaging is restricted mostly to qualitative analyses because of its limitations. This applies also to thermophysical property investigation. In that domain the major disadvantages are related to: difficulties in complying with certain analytical model assumptions; narrow temperature range of operation when compared with standard techniques of TP studies (comp. eg. Maglić at all., 1984) ; unreliable temperature measurements due to the surface emissivity changes etc. On the other hand, the standard procedures of thermophysical property investigation are demanding for the investigated specimen structures and forms. This concerns mostly heat transfer parameters including the thermal diffusivity. In such a situation the IR imaging technology seems to be indispensable especially when materials possessing unusual properties, exhibiting complicated structure or non-homogeneous composition are tested. As it has been shown in the present study reliable quantitative results of the thermal diffusivity investigation can be obtained providing that the IR technique is combined with a properly selected thermal treatment methodology. Regarding the problem of the temperature field excitation, the temperature oscillation proved to be well metrologically conditioned. This enabled accommodating the classical and modified Ångström's procedures (Ångström, 1961; Bodzenta at all., 2007) to the scanning mode operation (Panas & Nowakowski, 2009) . These techniques combined with IR measurements of the spatial and temporal temperature changes enable successful investigations of the thermal diffusivity of "difficult" specimens. Measurements of pyrolitic graphite, nanostructural Ni 3 Al intermetallic and hard tooth tissue structures illustrate good performance of that methodology. With no doubt, measurements performed on biological specimens are the most demanding. Because of that the results of these studies should be additionally verified. Numerical simulation proves to be the most effective technique for this task.
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